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(3) 1< ]nc.dia is inc[e.asin~ly  bc.ing locrkcd  LIpon  :is an cxce.llcnl ;trchival lnc.dia Ufitll a!] c.stinlalcd slorasc life on the
ordcv  of I(K) years. Since (tic g,ovcrrtmcm( will k making l:ir.gc invcs[mlrrfs in Cl)-]< mdia, it is irnpcrativc  Ihal the
chalaetcristics  of ]Imdia, Icumlc.  rs, test cicviccs and cofni)atibiiily  witil Ci )-ROM rlcadc.rs bc under-shod, l’ilis ar(iric
surrllt)al ims [hc rcsui[s of a Cl>-]<  rm.dia evaluation conducted I)y SIGCA’1’  (tile federal S[)ccial ]ntcrcsl  Group for {~i)-f{Oh4
Ai)piica[iotls  an(i ‘1’cci)noi(;gy) and follow-on cvai Ltatior)s  pc[for[nc.d by tllc I)ata I)istribution i .aboralmy al J1’i.. l;or [i]is
cvalilat ion, 250 mrxiia sarnplcs  fronl various rmnufac[urers  were rcccmic(i  on several rcmr(icrs  at different record ram. i ivcry
byte ofcvcry ciisc rccordui  in the study was rctricvatjlc on scmc, bu[ not ail CJ)-}{OA4  rca~icls. WC arc conficicn[ [l]at any
cornr]lercially  available rlmlia rcmrdcd on 2X rc.cordc.rs  will provide a rellabie. archival nlc4iia \Vc have, however, identified
itlc(][l~~)atit)iiitics  bctwccn singic-spcxxi  ( iX) rc.cor(ic.rs and ptl[halocyaninc based nvxiia and t)clwcm high spccct rccoldcrs (i.e..
4X and 6X rccor dcrs)  :ind cyaninc-based rued i a. We rcccrmrmxl  tha[ the illdus[ry  a(icfrcss  [t Ic recorder  and media
ir]colllp:ilit)ililics  all(i tilat a spccificaticrn  k cicvclc@  for a robust C1)-R rcaricr for use. irl archival applications.
K e y w o r d s :  Cl)- Rccordablc,  Cl)-I{,  Oi}tical  I)isc, (; I)-ROM, 111.NR,  ‘1’cst l)evicc

1.0 I.VAI.UA”l’ION  I’l<OC1lI)U1{IJ

Sl(K~A’i’ sent lc.tkxs to all ClJ-I{  media vemkrrs requesting thcil par[icipalion in a nmdia stLdy, Ilaci) vendor was
askcti to (fonatc 30 picccs of 63 and 74 minute media, prcfrxably  from difi’rxcnt batches. ‘1’hc  I)ata I)istritm[ion I .ab recorded
[ilrcc. j~iece.s of rmxiia on Cacll remrcic.r setup: Sony CIl\$r-900il  at i X (single spc.erf) an(i 2X (doubie spc.e<i),  Kodak I’~11-Wrile~
?(K) (1’tlilips r-ccmier) at 2X and JVC al 1X, lrtfcwrnal  tcs[s were also c~)nduc[cci  wittl a Imw Sony Ci)W-9(K)1{,  a Yarllaha
4X aTiri Kodak 1’0) 600 6X rccor(ie.r but a[c Imt included in tlm statistics presented in this i)a])ci.

‘1’IIc  (iiscs  WCIC  then e.valuatcci at cacll of ttucc [cst sites (Natior~al Institu[c  of Stan(iar~is and “i’cchnoio~y  (Ni S1’)  ,
Na[io[lai ‘1’ecllnical  lnft)rl]~:ition Sc[vim (N’1’lS),  and the N:ivai Air \\ralf:;rc  Ccmc[ (NAIVC). i{acl] test si[c [la< ci[hc[ a Cl)-
[’A’i’S  Mmicl SAP or SA3 corl]imct  {iisc analym  (a spcciaii~.e{i i)(: COII)ilLl[Cr and amiio (’1) piaycr). ‘1’im (~i)-(~A”i’S  dc.vice
[ciml[s  a ia[y,e nulllix-l- of Imralilctc.rs wliicil dcsmibc  ttlc physical ellarac[~.rislies cjf t}ic disc, I)it p,eonlctly  anri thr quaiity of Iilc
l-c~cor(icd  si~,nal. “1’lm cie.vice. also provides (IK location on the disc wkrc certain ruirlir]lulll  anti rllaxilnurn  value.s wmc
c[wwuntcrc{i (block cr 101 late., reflectivity, c[c. ). All test results were provided to JI)I.  for a[laiysis.

Ikforc.  attcrnplinr. to intcrprc.t lim rcsul[s of tile [MIS  it is il]lpo[ I ant to IMVC  sonic cotlfi(icnce (Ilat the results a[c
accurate and rq)calal) le. Oac of li]c reasons for the c.vaiua [ion was ttlc conflicting rcsuits of (ii ft’crcnl  test cicviccs wllcn
evaluating CI)-R[)M [Ilc(iia.

A su[l~mary  of (IIC pclcenta~c  {iiffcrcnces  in vaiuc.s [c~mrtc.d by Ihc two test devices is provicie.(i  in ‘1’able 1. ‘1’hc
~icak’sl (iiffc. tenccs ale for start k-ad-in alca all(i deviation wi]icil silow iart;c diffcre.nccs in vaiues rrwasurcd by the two dcviccs.
Valucx for t(ack pitctl, ccccnt[icity,  anguiar cicflcction,  and reflectivity v,try in tt)c ran~c. of io to 20Y0. Values for maxilnutn
information diarlmlcl-, scanning velocity, pLISiI  {ml], c]oss-talk,  block er[(m ralc, tllc. spcci{ic  C[lcrr  tyi)cs, signal strength,
syrl)r[lctry,  bul-st Cl IOI-S  an(i pcrlllarw.nt  cr[or counts valy t)y at)(mt 5(70. “l Im values for ti~c locations on the (iisc wlicrc
[Ili[lilllulll an(i Illaxil]lulll  Ilwasule[lwrlts  wclc cnmuntere.ci tcncicci to val-y substanliaiiy (ui) 1030 iwrccnt).

‘1’IK’sc  Ie.suits iea(i IIS [() bclicvc timt ti]c C’1)-(’A’I”S  wiii l)r{)i,i(lc a gross  in(iica[ion  of (’f) quality if used in a
Colltlt)iicfi [Imrlncr (c. ~,. caiibrate(i  to sornc slandalci) and wiil ctiffctcntia(c  very goo(i or very lm(i discs.
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3.()  <)l\s  Itl{\’A’l’loNS  ]~l{ohl ‘J’ltS’1’  1{1;S(11,’1’S

OLII Icsling indica(cs [t)al (~1)-k IIlcdia is Ioljust.  WC did 1101 cncoulllcl any l)fllllallelll (l:ll:i loss 011 any of Ilic Ics[
[ncdi:i dcspik-  smm discs l)cing rccordrxi far out of sl)ccifica[io]l ‘1’hc  il\rCIii~C  t)l(wk C[fol  IiltC  fOl tllC Va$t [Imjmi[y  of discs is
IOVWI  II):ill Ill:it foond 011 pressed C1)-ROMS.  l;igLlrc. 2 sLIII)II)aIiz.cs  I}IC ~ivma~c b]ork CIJ or Ialc for ] 80 discs, ScvCraI
Iclalionships  arc cx[Mcsscd  in this flf,urc.  ihclodinc lIIC vcndm, [-ccorcicl and II)cdia doralim. “1’tlc scale Or] Itlc Icfl irlclicalcs {tic
ruudc[.  “1’tlc. scale. on lhc Iighl gives IIIC average block c.r[or  values. II is clear that there. is a major irlcottll~alit)ilily bctwccr)
rccor[lcr 1 ard CC I [iiin !ilcdia ty~)cs, I)iscossions  v.fi[li the vcrldms  irdic;t[cd a prim klmvlcd~, c of this irlcorr]IJ:tlillilily wt]ich
cmt(l rlo[ [x rcrmxiicd  with a tmrdwarc or software u[)gradc.  A forlkr  slalislicat analysis of ail ttlc l):lI:irllcIcrs provided by lhc.
Ies[ dt.vices ckws IIO[ prcse.rlt any Llrl:irllicif):i[c.(1  cor[claliorls

S(irrt lead-in
Slarl  F’rogran)
Max Info Oiam

Scannir)g Vclocily
1 rack [’ilctl

[ cccnlricily
f’ustl  F’UII

Cross Talk
Deviation

Angular [)ofiocl(on
Olock [rror t{alc
[11 Average Val
F?l Avcragc Val
F31Avcragc Val

E 12-Average Val
E??-Average Val
E3?.Average Val

13 Avc+ragc Val
111.Average Val
13 flAvclage Val

Illfl Average Val

l~igorc 1. I’crccnlagc  diffcr~!}cc Qf tcs(cd  v a l u e s
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Ilasmf 011 tlmsc test results WC dc.tct illirlcd (Ilal a qoali(y  s])ccificil[iorl coold bc dcvclo]xxl fol archival If)cdia
l)[oc’(llt-lllcf l(s, I)ot limt Sllctl a sJ)c.cificatiorl IIILlst illclLt(lc tllc. r~~or[lcr  rll(l,  IcI ;!ft(i \,cf Sioll id (Ila[ Ivollld l)c Llsc(l to rc.co[d  llIc
nlc(lia ‘1’llc slmc. iflcalion WC dc’vc.lope.ci rcqoircd a block crlo[ ralc less lll,lri I (), r]o 1[32’s  ald rlo }Iof sl Iirlo]s (ircalcr  II]arl
1.ililit wlwrl (cstc(i on a (HJ-CA’t’S  tcs[cr.  l’t)is specification was oscd ir] a Iargc. ~m)co!crllcrl( and several vcr]dors  were
~iisqualiflcd basmi or) C1)-(~A”l’S  tests of thcil rnc(iia. ‘1’0 oor dismay, vcn(ior rc.-lcsting of solnc of liIc ciiscs on o(hcf (H)-
(’A’I’S  dcviccs  l)rociocc.(i bloc-k ctIor I)lcasorcrllcmts  an or(icr of ]l]a~llito&  SIIMIIICI  ttmn those ot)taincd or) ooI tc.stcr.
lkcallt,falill~  o111 lest dcvicc pIodocc(i  cilangcs if] SOIIIC  but rlol all of tll( tcs[ rcsoi[s  (see ‘1’able l). Wc still (io IIOl ondcrstan(i
IIw [cawms for tlmsc cxtr-ofcfinary diffcrcrlccs. I’crllaps they S[rIII  froll) tile calibration lmwc.durcs oscd fol [he vcrl(ior tc.sls.

4.0 C1)-l{Ohl  _ I<}; A1)KI{  “I1lS-J’JNG

Arlotllcr  Koai of tllc {~1)-i{  cvaloa[ion WIaS to il)vcstigatc tlIC cc)llll)atibili(y  of (;1)-1<  rllcyiia wi[i] (; I)-1<ON4  lca(icrs.
l{cc<i~lsc (If’ liIC diffclcnccs ir) sl)ccifrc;ilions of” IIIC }{c(I  1100k  :III(i 01 ,lrll:L. ll(K,k, i[ is lx)ssil~lc liIa[ rca(icrs (Ic,sif,rlc(l  to Rcd i look

~l)~~lfll’a~l[)[ls Will llo~ l)cl[~)[ill  ol)tlfll:illy with Orarl~c Ilook rllcdi:l. iII [ul!ticolar, lililits for rcllc.ctivi[y  (wfllicii  will cflcct
si~,, [ml  slI(.11~111)  awi pustl-iloil  (wilicll  Il):iy cffc.ct trackil)g)  arc. cxtcfl(icd
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1( wa~ in[cndc(l  10 C(JII(IUCI  a IIl(nou::ll s[miy ()(’ all IIIC sample I[lcdia will) a varicly Of (~1)-i<oh4 rcadc[s aIId [(~
I)c[fol[ll  It)llf,cvi[y cvalua(iolls  ()!)  (Ilc [Ilcdia. (J IIloIILIIIa[rly,  \\’c tIa VC I)ot tla(i Ii]c ICSOIIICCS l{) Cally OLII ItlCSc IcSIS. A laI~,c
nulllbc.r  of media fI~JIII  tllc cval~lalhu llavc I)ccll SUI)I)IIC(I [() IIlc Na(ional  Inslitul(’  of Scicncc and ‘I’cc II IIolotI,y”  fol Ilazaradou<
cnvi~otllllcll(  aI)cl km~cvi(y lcslirl~,  bul no IC’SUIIS  lmvr [rcn  rclcascci.

A iillli[cci c.valualim  of “dcfcc[ivc” discs arl(i colnlne[ciai (:1)-ROM rca(ic[s wa~ con(iuclcci 10 dclcl Illinc if 1~32 CIIWS
I cim (cd t)y the tc.st cicviccs Woui(i imciucc [cal read crl ors. “1 tic ]aycrcci (mm cmcclim capability avaiiablc for C:i)-i<[)hl  ciiscs
woul(i  t)c cximlcli  10 Collc.ct sornc  allmullt of Iilc i~3?s four~d  orl (iiscs. ‘1’ilc. data files or) tile ciiscs were rl:ilncci will) limil-
alqm)xilllalc ]ncgaby(c imalioll so il was strai~ll[fol  wal(i 10 asw)ciatc  tiI( iocatiotl of Occulcllcc.$ of bad spots florll Itm Ci)-
(; A’1’S  tests with fiic nanlrx or) !ilc ciiscs. ‘1’itc.sc “suspcc[” files WCIC tilcn copicci wili) ciiffmc[~[  CIJ-J<OM rc.aclcrs  using
s[amfald  systmn u[ilitics ami [i)c rcsultin~ f_ilcs cornl)ale(i 10 ttlc ori~irlal,  Most rcadc.rs wc.rc  able 10 successfully read (ilc l-ilc
colltcnts. Son]c rc.adcrs cncoun[crc(i urlrccovcrai)le  read cr[ors. it is oui ol)iniol] flor]l this test that sornc SOIIIC (~i )-i<OM
rcacicr vclld(m lll:iy not bc incw]wralin~ iayclc(i crlor corrcclioll” in tllcir (irivcr so ftwalc. NO’1’li: l)isc 5 was rclcstc.d on
anotilcl Ic.sl cicvi cc. anti slmwcxi no 1132 crl ors, wllicll I)lay ammnl  for ~vi]y Rc.adcr 6 was able to ~c.a(i  it s~lcccss fully.  but was
not able 10 read arly otilcr discs witt] i132 crlors.

Disc Nurnbet

:1’:ll)ic’  1. I! I,ltl{ ‘1’CSI l{csuits  from  ‘1’hrcc {~lJCA’1’S SA-3 I)cviccs

SE33ZE:I

“1’ester #3$ecalitwalc.d)



:1’al)lc 2. CI)-ROM  Reader ‘1’cst

[)isc NUIIIIEI
NUI]IIXX of ]:~?S

Rc.a(lcl  1 (1x)

Rc:idcr  2 (1X)
ILc.a(ic-l  3 (2)()
Rwadcr 4 (2X)
Ik.a(lcl s (3X)

Reader 6 (4X)

I)isc 1
500000

OK
1;1<1<01<
OK
OK
IiRJ<OI<
1 JA’1’AI  .

I)isc?
300”

OK
Iil<}:ol<
OK
OK
OK
I’A”I’AI,

I)isc3
68

OK
OK
1;1<1{01{
OK
OK
I:A’I’AI  .

1)isc4
10

OK
1;1<1<[)1<
OK
OK
OK
1 A-IA].

I)isc5
4

OK
OK
OK
OK
OK
OK

Kodak Ims car! icd out aa c.x[msivc.  c.valuatioa of tlicdia, rccordc]s and Cl )-Roh4 lc.acic~s.  More thaa ?50 (iiscs froIIi
sik cii(ftvcat vcl)(iols wclc wli[[C.rl ia tca diffcrml[ rccorlicl/simcl  cilviioa][m.nls ar](i  leskxi oa km diffcrca[ [Ca(icls. “1’tlc rcsui[s
81U surl)ll)alimi  ir) };i~urc 3, p(oviding aa ovcrali “ascr co[lvc.l)icncc” Icw i for c.actl l[]c(ii;ttrccor(lir)~  sl)cd Cwrllbina[iotl ‘ihc

six f:ttmi)s 01 rcsui(s rc})rcscal tncdirr from diffc.real Ci)-1{ vcll(iors. “1’IIc.  I}a[alllctcrs usc(i 10 plociace. IIlis value iaclucic lC.11 ics
011 iascr[ion  of lilt  disc, (iala c)] fiic. access  rcllic.s,  (iala  IIliscol]l[xilc or] rcfdback  all(i cxccssivc  ]Jlayback lilnc. ‘i’tm fip,lllc

lcitif[)lccs  liw obscrvalioa (IEIC  arc slill Subsl:irllial illc(l]lli>atii)ilitcs t)elw~m  tllc(iia/r ccorcicr/rc:{(icr  corltl)ill:l(ic)r]s.

1246a 1246a l?4Ga 1246a 124Ga 1246a

Xxxxl X x  x x i Xxxxl Xxxxl Xxxxl Xxxxl
i I i I I i

Writirlg S[)ccd

A][()[iwl  sctofs[:~tistics j~tc)vi(icci  by K{)(i:lk  sli()}~,s tilllir~~tcsts {Jfciiscs lcc{~r~icLl ~$ri[}l~rariollsll~cciia.  “1’iwystm’a
wi(ic lar{f,c  ofrca(i lirlm  for 2.X rcadm frmn diffcrcat \’eIIcio Isas weli as ~olt~cr c:l(ic[sc yclil)p,cioll’1}  k) lowcrr cad s[Ic.cIis.
‘i’ii{;sc s[;i[istius lcllcc[olll  ()~~'[]  exi>cric[lccs:i  [](imc:  irccc)l~ccrllc{  i[ila[[l]c  irl[ell)liiyc)f(!i)}{OM  rc.a(icrs ard~~l>-l< lllc(ii:i:irc
1101 \velltl l)(it:lsl(N)  (i.

S.() _coN(;  l,usloys,

(iivcn 11);![  tlm lnc.dia Stu(iy  was conducted wtwa Ihc ill(iaslry  w:is in its itlfancy we. feel that the overall imrformarlcc
ol(’i) 1<s flt)l]l :Iii vcil(ic)rs  is cxcrllI)iary.  Ilvrry sill~,ic  t)ylcof  ci,ery si[qlc(iisc  r~.co[[ic(i  i[l tile slu(iy is rcm)vclabic, eVCll
wiwa [hc (iis(s  :Irc. ()[lic[ s(lftll:ip,[l  i(l](ic t]cyo[lci  ttm l<cd Ikmk sl)c.ciflca[itll]s for ill.lil< 01 10? c[l(~ls. We. bciicvc [Ila(  cxisliax
Icst (icviccs i]rovicic ~[oss iadic:itions of ti]cqaaii[y Of(:i)-R IIlccii:l. We :irc nol coavi]lcc(l  llIat ItIcy [mvi(ic illfo[[nalioa
wllictl [lli~ill  he Ic(iui[c(i lo p[cdict ttlc.l)cr[ol[il;l[lcc  ofa(~i)-i{  disc w,itll (’i) -i<oh4  Ic:i[it.  [s.
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\Vc aIe vrIy COWCIIIC(I  wi(ll [IIC  wridc [an:c  of l)c[fo[(l]iirlCC  of (’1) -i{oh4 Icadc.rs WIIVII  [r:idins (; I )-i< IIwdia We
rccorrlrllcnd Itml 111~’  irld~lslly d~v~lq) a s[)~cil”rcalion i’or Cl)-]<  [cadcrs  111.il is tic+ 10 Itlc {Illlclirlf: s[)ccifica[ioll  of [tic orar)gc
Ilook vs It]c Rcd 1~()()~. “1’ll~se  rcwkls  rrr:iy Im of Ii[llc inlclcs( [0 Ilm c(~l]surncr  rllalkct I)(II will bc cxlrcrllcly irll[wr(arll 10 IIlc
~,ovc.lllriwrlt c(~llllnunily wllicll will I)r[xlocc rrlillions  01 archival (~1)-1< discs ovc] llIc. rc\[ of ll]c decade.

Wtlilc wc did not conduct any lon~cvily lCSIS  on [hc Illcdia f[oill (hcsc [CSIS,  oar r]dia Icscarctl leads LIS 10
rccOlnl]wd I)tlltlal(wy:irl irlc-l):ise(l dyc r]dia for applica[ims wllcrc 10n~cvi[y  and rcsislallcc 10 tlczil or Iiglll exposure is
impo[lanl, bul only if dout)lc-speed 01 hi~hcr speed rccoldcxs atc used. 11 sinslc speed rwordin~  is rn:indalory then we

rccornrlmnd  cyaninc dyc-basc41  rlwdia.

(LO ACKNO\VI,ltI)(;  hlICN’1’S

W C would  Iikc [o II)ank  al] [t]c S1(K;A”l’  rl~cdia SILIdy [mr[icipan[s for (heir dcdicald supIx)rl  of [Ilc rl~cdia evaluation
We would  Iikc 10 [Ilank 1)[. IIrian ll:ir(llolc)rl~cl)s~.  and [)r. I)our,las Stinson, I{astll]arl Kmlak (hrrl[mny,  for [)rovidin~  s(atislics
on the rc.adi+bility of (~1)-i{s on varioms  (l) f<Oh4 playets.  Also, 1)1. ‘1 C.CJ lslii~uro of “1’aiyo  Yudcn  (k., I,’l’l), and Mr.
ShiSc[aka l~ujii of h4itsui “1’oatsu (’llcnlic:ils, ]nc h:ivc ilclpcd us tcchnic,illy and sllarcd us witl) i’arioas  [CS( rcsu![s.  l:inally,

I)r. Jacques Ilc.c[nskerk  of I’llili}ls and I)r.  }Iiros}ri  O~awa of Sony have give.n as ar) ou[look  of fu[ure (1)-1< dcvcloprncrlts.

Au[lms’ Note: ‘1’llc research dcscribcd in [tlis ar[iclc was cariic,.1  out by IIK-  Jet I’lopulsiorr  1.almatory, Califorrli:t
Insti(u[c  of “1’ccllno]opy, under a contract  with tllc National Actonao[ics  and Space Adrrlirlistration  Rcfcrcrlcc. herein 10 any
spcciflc cornrlmcial [umlucl, process, or scrvicc by trade name, lradernar k, manafaclurcr,  01 o[lm.rwisc, dots  nol constilulc  or
irlll)ly its cndorscrlml[ [Jy tlw CJni[cd S(atcs  g,overnrllcn[  or the JCI l]ropulsion l.almratory, (hliforrlia  Irls[ilu[c  of ‘1’ccttnolocy

7.() ltl;}ltRIcNClj

[ I ]Rccordablc  Cornpacl l~isc Sys[cnl  “oranse  Jlook” standard from l)hilips and Sony
[?](km~pact  IJisc “J’cchnology,  flcitaro Nakajirlla, }Iir-oshi  O~,awa,  transl;ltiorl  by Ctlarles Ascllrnann, 10S l’[e.ss,  Inc., flurkc,
Virginia
[3] QA- 101 Compac(  I)isc Analyz,cr  opcra[ing, Manu:i] Vcrsioll  1.2; M:Iy 1, 1995; {;lovci Systc.r]ls, I,aSuna IIcacll, (k

AI’I’ICN1)l X A., CI)-1{  hflCl)l A CIIAI<A  (:’I’}lI{l  S’J’I(:S

(’1) -J<OM and (’1)-1<  discs arc clui[c different rrlcdia tylw.s. ‘]’IIc  ( :])- ]<oh4 rllil SICr is [)rw!accd usir]g an cxpcmsi~’c  ;111(1
technically sopllisticatcci  Iccordcr (Ialtlc) and the quality control of (k rcl)licalion  l)roccss cari bc gualart[ccd  to produce good
results, JI’1 .’s l’lanclary  I)a[a  Sys[crn  tms dc]ivcrcd ncar]y 100,()()()” (:1) -J<Oh4s  (~) i[s c[lstorllcrs  w’i[t]ou[ a sin:lc  sok[an[iatcd
case of an unreadable. (~1 )-Roh4. ‘1’hc (~1)-1{Oh4 Icacicr uscs a laser bCaIII  10 focus 011 [IIC sj)iral of I)its bc.ncatt] the surface. of
Ihc disc. ‘lhc pits arc lc.ss rcflcc[ivc Illan the. lands tmtwc.cn Ihcrl] an[i the rcadc.r irttctlucts Itlc. ciiffc.rcnccs in rcficclivity  as ttlc
r-ccmic(i signal. (Y)-R Incdia is r]]:lrlllf:~clllrc.(i  with a wobble g[oovc. (nc( cssaly for (rackirl~  durin~ rccordin~), with an or~arlic
dyc within ttlc gloovc. ‘I”hc.  (’1)-1< rccoidcr [lacks ttlc wobble fyoovc and bur rls tllc dyc :ilon~, lhc v.wbblc ~,r(mvc, rc(iacing Itlc
r-cflcctivity along, tlm F,[oovc. A {’1)  -ItoM  ~cadcr senses [Ilcsc changes irl reflectivity to track the lc.cordc(i  si~rral in (Ilc
wobble g,roovc  an(i sense tl]c ciiffcrcnccs  in reflectivity as the Iccor(ic(i  si{, nal, ‘1’here arc two I[mjor ciiffcrcnccs  in s~)c.cificaliorls
for CI)-ROM  an(i Ci)-i{ rllcciia which rciatc to tilcsc i)ilysicai ciiffcrcnccs  I’hcsc  arc [Im Icflcctivity  (70 % for CI)-R0h4 an(i
65% fm Ci)-f<  an(i [msll-imll  (.70 Inax for CI)-i<Ohl  vs .90 for (:1)-1<).  ‘1’hus  (~i)-1<  discs wili cicrllan(i tlw sar]m rccogni(iori
of pi[s arl(i Lrn(is fronl  a Ci )-ROM reader even thoogll  il is im~vidcci  wilt) a iowcr si~nat arrt[]litu(ic an(i [l~orc  (ii ffrcuit  [r ackinc
rcx]uilerllcnts.

Asi(ic from ttlcsc. diffcrc’nccs,  olivd causes of c[lors in (;i)-i<cc{)t  Liabtc Ilv.-(ii:i  can bc classifrcd as [Ilzirlllfactltrirlp,
(icfccts,  I]an(iiing cicfccts arl(i  rccorliin~  cicfc.cls. WC. ilavc seen nmnufactul  ing (icfc.cls  occasionally, including i) fobict[ls witi]
plinlat)ic coatings, scratctm  caused by ciisc iabcilirl~  syslcrns,  an(i discs whict) can nol [rack ail Il]c way 10 [hc Outsi{ic  e(i~c Of
the {iisc. i l~n(iiins cicfccls (Sclalclics,  n]oistarc,, CILIS[)  can t)c ai(~idcri willl TIKXiCSl p[ccaolions, in [mr[icular,  c)[)crators s}muld
bc wal ncti l{) avoi(i snce?inr, on an unl-ccoldcci ciisc. I{ccordir]:  dcfcc[s  slcrtl frorll [hc IIa(kirlf:  servo nwclmnisrll,  oplirrlut]l
iascr imwcr conlroi (01’(’) and ttm wri[c. s[rtitc~y, ‘i’llcsc fac[(]ls crca~c ji[[cr, :isyllllrlc[ry (or ({ value), an(i l)cak sl]ifl wllictl
co[l]binr I(I Ilansla[e into iligtl block crlor  r:ilc.
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“Illclc alc [Ilrc:c  Illajol calcSolics of (’1)-1{ II]c(iia i[lc[Llclillg,  (1:1[:1 capaci[y ((,3 [Ililiulc VS. 74 IIlinu[c rllcdia), (lye
corllpou[d (I)tllll:ilocy:illitlc vs. cyanirw-tlawd dye), slid valwa(l(le(i  ca[)al}ililics (III il]tabl~’ or l)a-COdCd  lllcdia). Ikh calc:ory
IIIay  in flucllcc Illc Iclial)ility of (tic Illedi:l.

III OUI  study 63 IIlillulc Ii]cdia I]avc tlavc a sll~t)[ly I(,ucr  111,1;1< Il)arl 74 rtlirlulc Illcdia (3. I vs 3.3 irl our sarl]l)lc).

‘]’his p]lcil(]lrlcl]oll  is allr ibUtCd 10 Cicarlcr p,roovcs  and a I)c[(cr 01’(:  prm css for (,3 rnirlll[c media. AS Carl bc sccri iri ]:i~Llrc 2,
deviations in synllnctry  arid t)igtl 111 .111{  tire Ilo[icablc.  towar(l lhc oukid( of the. disc, ‘1’hc.  ol)limurll  IK)wcr  control lNOCCSS  is
called “l<urlrlin~ 01’~”.  A “J{urlrlirlg OI’(;  ” should work will with arly type:. of Illcdia [Imo(ctically. It should also cope wittl
ctmngc.s in Iascr wavclcrl~,lh while writirl~ a disc, lncdia va[ia[ior~s on 11][ surface and disc warl~illg. Ilowcvcr,  for earlier
rlmdels of rccoldc.rs  wc have. notice.cf a I url-away condition in [hc OI}C  w hictl causes Iiigll :Isyr[ilt)etly,  cs[)ccially for 74 nlinutc
[Ilcdia. I:igurc  4 s}wws  al] cxarilplc of (his ptlcrlclrlcrmn.

“1’tm []rc~,roovc  in (IIC  disc is not a elcar] s[)iral bul is vobt)lcd  ivi[ll a spcciflc  a[llljlitudc and [wriod. ‘1’tw 74 [Ilirlulc
rllc(iia requires a tigl]lcr I)C1 iod for lllc wobble groove  and ttlus a lighter Il)anufacluring  s~)ccificaticrn. Irl ttlc case of c)nc of the
sirl~lc spcxxi rccxm(lcrs lhcrc. appears 10 Ix a deficiency in [racking a lCSS than pcrfccl wobt~lc fyoovc beyond  63 rllirlLllcs.

Ttlc diffc~c.nt dyes used by diffcrer~[  vcrldors  tlavc arl ilr)por[an[ ill~pac[  ort rccordin~.  hfcdia wi[ll cyaninc-t)asc.d dyc
sc.clrl$ 10 wmk bcllcl will] IX Iccordcls,  wllilc rrlcdia usirl!, I)lllll:ilocyar  liilc-t):l$ccl dyc sccrrls 10 work bct[cr witt) 4X and 6X
rcco[dc.ls, I)o[h ciycs arc equally collll)a[it)lc  with 2X rccordirl!,. I)tl[t]al(>.yarli  l]c-t)asc.(l dye. Wc)l k better willl lli~llcr power
Iascrs in Ihc ranp,c of 6108  IIIW wllilc cyaninc b;iscd dye w,or ks in tlic [angc of 5 to 7 rrlW. 1 low,cvc.rr,  a ilir,tl-spcecl Iccordcr
with a 01)(:  lnocc.ss ca]it)latcxl 10 cyariinc-tmwd dyc show,cd :i< Food rcsul[ as [Itlttl:ilocy:tr] irlc-t)asc(l dye. Orlc rccc)rllrllcrlcla[iorl
of (IIC r]lcdia slLKly is 10 Crlcodc  a dyc Iypc 01] rncdi:t for rccordcrs to rcco~,, nizc and to usc Itlc ccmccl WI itc-s[r:i[cgy,  lrl Jalmn, ~,
OSJ (orarlp,c  nook Study GIoup irl Jap:in)  is proposir]g  to put dyc Iypc ald manufacturer Iypc code in lead-ill  alca to Ilclp (O
select arl o~~tilllur[l wl ile. stlalegy arl(i  a (3 val Lm. ‘1’tlis ot)viously  rcq Llircs :1 ncw Iyl)c of a rcror(icr  wtli~ll earl a(ijus[ a rccordi[l~
lmwm  and a wl’i[ing slralc~y.

ligurc  4  11141;1{ aIICl  _ Syllimetry  \’s._._Rccordi]lg  Time

n / S BI,ER Ell E21 E31
AVG : 6 9 1 4:14 1 1 2 1 6 5
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Scvclal rcc(~IClcl-  rclatcd f:tclc)ls cc)rltr i\)llte.ci toer[ors ir\()~lr stllcly :ir~({ir~f()ll(  )w-llf)  tcslirlg  orltligtl-sJ>cccl lccc)r(lcrs,
‘It msc iltcludc lhc rccordi]lg  speed, the optical power eonh 01 pIOCCSS  (CICSCI ibcd above), IIIC  WJ ilc sh alcgy (dcscr ibcct above), and
[Iw disc It$ct)lding scqucncc.

lll~crtcr:il, tlip,ll-slwcdr  c.cor(lcrsl  \'c)rkc(lt)ctlcr JliltlI Jl]ltlal()cyal~  ir~c-t>ascll(  IycclI'crc yarlillca  ssLlrllirl~l J(JltlrllCCiia
ty[ws were Ilmnufactulcd Llll(lcrol)tililLlrll corldilions. ‘l’tIcy were also t])orc suscc[~tible  to rllarlllfaclll! illg(lcf{’cls such as pool
fl[()()vct)r wolhlc,lmd  c(~lllf)(l~]rl(l(iyc,or [morsut]s[ra[c, ‘1’lii$[ll:lyc:llllor lrlLlcll tii>,lllcl [] Ll:ilily c()lltlc)l itlllr()(lLlciilg tli~,tl
S[WC({ Itx.(ntlat)tc rlwlia

hl()st(liscs ~tli[t(:lii titlI:i cc:l[:(irlrc  c(>rtlcr  stloitc(llil)tla~~,s:l[  {,63,; IIK174 rninu(cs. ‘I’tlCColllIlo  fC[rol S(lo?, 101)
I(l(liu;il(xi tlmr Ilwsccri(lls W’CIL’C:lUSCcf I)y Iirlk [Joirlts  MII(I di~{ rl(l[ lC.~)rL.scrl[  rL.al d:ttacrl~j[s,  (’cl (airl rt.cor(icrs  wrilc.  [IIC



lII()~I:IiII:II (.a, llIcII It)c  lc;i(l- ifl, :iflclfi[l:tlly ttlclc.acl-()l} [il\sccl(lc[)cc. \vl)i(ll c:iiircslill il]sli~,llt c)\,erlaI)()r Raps.  ‘] ’}ICSC

dcvia[ioll  scan [Htxlucc “l; -32cl[()[s’’w  tlictl:l rc.t)Ll[siclc ll]c(12it:\{j\: ~:i[ltl () frl()cc)llsc.(l (lcl]cc  \JJllCll lC:i(lillg  lllc Clisc. ‘1’t]isdo~s
n o t  tmppcn Io[mnhs ivllicllwi[c “I)isc  a[ once.”, WIICIC  dalais rccmlcd  fIt~Ill lca~l-in  101 CW-OMN once v.’illloul  a n y

ovclla[)or  gaII. Anoltwi  [ccwcicr wlt)[ccx[[a  in folnlrr[ion  fm rllas[clins II UII)OSCS  :1[ tile CIICI Of lca(l-oLlt  causins soIItc discs to
rLlllIiing c)lllt)f slJ:lcc  arl(l Cllli[arl  cr[c)rlllcssa:,cc .vcr\(ll[)\lgl\  i(llacir  ccc)r(lcclall-l4  lllilllllcs  (lf(iata  s~lcccssf(tlly.

)
API’J?NI)IX  ~. Cl) ‘1’lX”l’lL1< ~lIA1lA  (:’1’ICl<lS’1’I~S

~`tlcrc }last)ccrl  clr~-gc)i[lg  collLr(}vcrsy ovc.rtwTo  asl)cctsc )fli}c.[  'll-{lA'I"St  ie.\JiccsL lsedf Or(Jt]rtcsts.  “1’t]cscirlcil](ic[llc
flcqucncy of tlic clock rcxwvm  y circLlill y and Ibc usc of a single-bealll pl:iycr.

'l'llcrc isa(liflcrcr]cc  ir}tllc clock [cco\rcryc ircL]itryt  )ct\\~ccr}C I)-{; Kl"S(lc\icc.s:t]  ](lCI)-I{ca(lcrs.  Asadiscrotatcs,
lllcrcllccLls l()lJca lllcltl:lrlisl[  lt{)cc)rlc .ctcrlc)ts ir]rolati()ils  l)cccl. l`tlccl(~ck [cc()\cr)'c ir~`[lilrycl clcctsll lcscer[c)rsar ldcc~rrccts
[Ilcln. ll()\\'cvcl, c)ldctaLl(li() (TI)~]layc.[  ssLlcll:is [llcollc.  Llsc{lili SA3systc.l}Jstlsc  i. Sk117circtlitly illstcaclo f2.5k  Ilz,
‘1’t]tls,iltak{>slor]gc[  tc)c()llc.c[ arc)tatic)rl sJ>ccdc.l[or, art(ltllis cal]scs lti~,l]cr IlI.I;l<.  Ncallyal]  cl]rlcr]t]y ]]~arlLtfactLlrcd  (:I)
[Jlaycts (illcltlclit\~, aLl(iic) JJlaycls)t lsc2. SkIIz,  clockrc .cc~vciyci lcllilry. Tbercfmc, it islmssiblc.thal  solnclll.IX is introduced
t~ylllc slc)lJf cl()cklccC)vcly cilcllitry alld(l()cs llo[rc.flc.c[ tll]c(lisc clllali[y  lI()\$'c\fcr, liavirlS lc)()stlirlSc.lll atcstclcvicc  sl]oL]lcl
rmt be dn maj{)[ issue.

"l`llcl  cis:ils()  :t(liffc.Ic.r]cci  tlC;I)-l<C)MI  Jlaycrsc rv(~]]~cctlatlis lll\c)fsi l]:,lc-t)call~l] ll:i<c.cl if fcrc.r~tial t[ackins(uscdirl
tllc C' I) C~A'l'Scl c\`icc)\`  s.[lllc.  c.-llcarl\t[ acki[lg. ltw/ollld l~c. cxl~cctc(! tll;lttl~e \\'(>l>blc g[o(~\`c ofttlc  Cl)-l<ll]i~llt t>c1]~orc
clmllcngill~,  fora  sitlglc-beam systcH~ [o track, again potentially producill~ rnorccr[ors WIKHI  tcstcrl on the C1)-CAl’S dcvicc.


